We review in this proceedings some recent results for vector meson form factors obtained using the holographic D4-D8 brane model. The D4-D8 brane model, proposed by Sakai and Sugimoto, is a holographic dual of a semi-realistic strongly coupled large Nc QCD since it breaks supersymmetry and incorporates chiral symmetry breaking. We analyze the vector meson wave functions and Regge trajectories as well.
Introduction
Sakai and Sugimoto proposed an elegant string model dual to large N c QCD at strong coupling [1] . This model consists on the intersection of N c D4-branes and N f D8-D8 pair of branes in type IIA string theory in the limit N f ≪ N c where N c and N f are interpreted as the color and flavor number of strongly coupled QCD. The principal characteristic of the Sakai-Sugimoto model is the holographic description of chiral symmetry breaking U (N f ) L × U (N f ) R → U (N f ) from the merging of the D8-D8 branes. This model has been used in the recent years to describe various aspects of hadron physics [1, 2, 3, 4, 5] .
In this proceedings we discuss the scattering of a photon with a vector meson using the D4-D8 brane model, summarizing the results of ref [6] . One remarkable result in the D4-D8 model is the realization of an important property of hadron physics known as vector meson dominance (VMD) [7] where a hadron-photon interaction is mediated by vector mesons. As a consequence of VMD, the vector meson form factor takes the form of a sum involving vector meson masses and couplings. We first present some results for the vector meson wave functions ψ n (z), masses and couplings and then we discuss our results for the vector meson form factor. In particular, we analyze the elastic case in which we extract the magnetic and quadrupole moments.
Form factors have also been calculated using other holographic models like the hard and soft wall model [8, 9, 10] and the D3/D7 brane model [11] .
Vector mesons in the D4/D8 Model
The induced metric in the probe D8-brane embedded in a D4 background can be written as [1] 
where
3/2 , the constant R is related to the string length √ α ′ and the string coupling g s by R 3 = πg s N c α ′3/2 and U ßKK is related to the KaluzaKlein mass scale by M ßKK = 3U 1/2 ßKK /2R 3/2 . From the DBI action for U (N f ) gauge fields in the D8-brane, we obtain a four dimensional effective lagrangian that can be written as [2] 
whereṽ n µ andã n µ represent the vector and axial vector mesons, V µ and A µ are external vector and axial vector gauge fields from gauged chiral sym-
Π is a massless pion field and L j represent interaction terms of order j. Later on we turn A µ off and turn on a single abelian subgroup of U (N f ) in V µ that will be the source of electromagnetic interaction. The masses and couplings are defined by
where the wave functions ψ n are subjected to the conditions
Note that the constant g Vv n in (2) is the coupling of the interaction between a vector mesoñ v n µ and an external U (1) field V µ .
Wave functions. A regularity condition for the wave functions ψ 2n (z) and ψ 2n−1 (z) at the originz = 0, together with their parity
leads to the conditions
We solve numerically the equations of motion for the vector and axial-vector modes using the shooting-method. From the normalization condition (4) and equation of motion (5) one sees that ψ n decrease asz −1 whenz → ±∞. Defining ψ n ≡zψ n , the equation of motion takes the form 67.0149 Table 1 Dimensionless squared masses and coupling constants, where
where A(z) and B(z) are well behaved for largẽ z:
Using the ansatzψ n (z) = ∞ ℓ=0 α ℓz −2ℓ/3 one finds
with α 0 = 1 and α 1 = −(9/10)B 1 . Imposing the parity condition and the asymptotic behavior, we find numerically the wave functions ψ n (z) and their eigenvalues λ n . If we go to the limit of small z, ψ n simplifies to sin √ λ n z or cos √ λ n z, according to their parity. For large values of λ n , there will be plenty of oscillations before the wave functions ψ n (z) reach the z −1 behavior. We plot some wave functions in Fig. 1 .
Masses and couplings. Using numerical methods, we calculated eigenvalues λ n for n = 1 model. The first graph shows the dependence of λ n with the radial number n. In the logarithmic graph we fit our results, the dashed line is −0.46 + 1.42 log n corresponding to n = {1, 5} while the solid line is −1.28 + 1.91 log n corresponding to n = {6, 60}.
to 60. The data for several eigenvalues are shown in Table 1 together with the calculated coupling constants for the vector mesons. With such data we obtain the corresponding Regge trajectory for the vector and axial vector mesons in the D4-D8 model. The result is shown in Figure 2 . This Regge trajectory is different from that found for hadrons in the hard and soft wall holographic models [12, 13, 14, 15] .
Form Factors
The Sakai-Sugimoto D4/D8 model realizes vector meson dominance (VMD) in electromagnetic scattering. In [2] they were able to show that a Exploring further the work done in [2] , we calculate the first excitation vector meson, ρ(770), elastic and non-elastic form factors derived from photon-meson scattering. We also calculated the axial vector mesons form factors [6] .
Generalized form factors
The form factors are calculated from the matrix elements of the eletromagnetic current. The interaction of a vector meson v m with momentum p and polarization ǫ with an off-shell photon with momentum q = p ′ − p is described by the matrix element
whereJ µ is the Fourier transform of the electromagnetic current J µ (x). This matrix element is calculated from the corresponding Feynman diagram shown in Figure 3 . We find
where f abc is the structure constant of U (N f ) and M v n is the mass of the vector meson v n . Using the sum rule [ 
we find
where the generalized vector meson form factor is defined by
Taking into account the transversality of the vector meson polarizations:
Note that the term involving the factor δ mℓ in eq. (14) did not contribute since in the elastic case (m = ℓ) we have: 2p · q + q 2 = 0. In a similiar way, for axial vector mesons we can calculate the form factors from the matrix element a m a (p), ǫ|J
This corresponds to evaluating Feynman diagrams similar to Fig. 3 , but with the external vector meson lines replaced by the axial vector mesons a m and a ℓ . Note that the internal vector meson line v n , representing vector meson dominance, is unchanged. Thus, the generalized axial vector meson form factor is
Elastic case
The elastic form factor for vector mesons can be obtained considering the previous calculation with the same vector meson v m in the initial and final states. Then, from eq. (16) we find
is the elastic form factor:
Note that eqs. (18) and (19) Figure 4 . Note that when q 2 → 0, the vector and axial vector form factors go to one, thanks to the sum rule (13) .
For large values of q 2 we found that the form factors decrease approximately as q −4 . This can be seen in the second panel in Figure 4 where we plot the form factors multiplied by q 4 . In order to explain this behavior, we expand the elastic form factors in powers of q −2 :
From this expansion we see the that the q −4 term dominates for large q if the following conditions hold
These conditions are known as superconvergence relations. For the case of v 1 we found numerically
These results indicate that the conditions (20) are satisfied in the D4-D8 model. Electric, magnetic and quadrupole form factors. The matrix element of the electromagnetic current for a spin one particle in the elastic case can be decomposed as [9] p, ǫ|J
From F 1 , F 2 and F 3 we can define the electric, magnetic, and quadrupole form factors:
Then, using eqs. (18) and (22) we find that for a vector meson v
where F v m is given by eq. (19). Hence the electric, magnetic and quadrupole form factors predicted by the D4-D8 brane model are
We can now estimate three important physical quantities associated with the vector mesons: the electric radius, the magnetic and quadrupole moments.
The electric radius for the vector mesons are given by
Using our numerical results for the form factors of the lowest excited state ρ, we find its electric radius:
The magnetic and quadrupole moments are defined by
Using the fact that F v m goes to one when q 2 → 0, we obtain
Our results for electric radius, magnetic and quadrupole moments for the vector meson ρ are in agreement with the hard wall model results found in [9] .
Conclusion
We have seen that the Sakai-Sugimoto D4-D8 brane model can also be used to make predictions on the properties of the vector mesons, in particular the ρ meson. These results can be extended to axial vector mesons, like the a 1 meson [6] .
